Introduction
============

The temporomandibular joint (TMJ) is the movable joint that connects the skull and mandible, and plays an important role in occlusion and mastication. TMJ is composed by the mandibular condyle fitting into the glenoid fossa of the temporal bone with the lining of the articular disc. This disc attaches to the medial and lateral poles of the condyle and facilitates the smooth movements of the mandible. During mouth opening, the condyle rotates underneath the disc, whereas the condyle-articular disc complex moves in a sliding movement relative to the temporal bone to articular eminence. Thus, the TMJ serves as a ginglymoarthrodial joint, and allows both wide vertical opening movement as well as lateral excursive movement of the mandible ([@b1-ol-0-0-6909]).

In the surgery of a mandibular tumor, resection with TMJ disarticulation and condylar removal are occasionally required to achieve an adequate surgical margin. However, because of the complex anatomic and functional features of the TMJ, the ideal restoration of the condyle is still subject to controversy, and reconstruction is a challenging issue for surgeons. The use of the vascularized fibular flap is one of the standard treatment choices for the reconstruction of the mandible. The method of condylar reconstruction with direct placement of a vascularized fibular flap into the glenoid fossa has been reported ([@b2-ol-0-0-6909]--[@b13-ol-0-0-6909]); however, few data have been accumulated about the consequence of TMJ restoration. In some reported cases, the unsuitable shape or location of the graft disturbed TMJ function ([@b7-ol-0-0-6909]), and then affected the patients\' quality of life.

Recently, computer-aided technology has become available and has given the surgeon the ability to plan the bony reconstruction and to prepare intraoperative guidance preoperatively, which can assist the surgeon ([@b14-ol-0-0-6909]). Although mandibular reconstruction remains a challenging aspect that depends on the surgeon\'s experience, intraoperative judgment, and technical speed, the stereolithographic model can reduce learning curve associated with neomandibular countering, enhance the levels of accuracy, and accelerate a time-consuming operative step, which then allows a more predictable reconstruction ([@b15-ol-0-0-6909]).

In this study, we report a stereolithographic model-assisted reconstruction of the mandibular condyle with direct placement of a vascularized free fibula into the glenoid fossa. The stereolithographic model was used for an anatomical template for mandibular condylar reconstruction. To investigate the postoperative the morphological and functional outcomes of the TMJ, clinical and radiographic examinations were performed. We also administered a food scale questionnaire ([@b16-ol-0-0-6909]) to evaluate the masticatory function. Furthermore, we reviewed the previous reports of condylar reconstruction with a fibular flap and discussed the ideal restoration of the condyle in the cases where the condyles are resected.

Materials and methods
=====================

Five patients underwent mandibular resection including the condyle and immediate reconstruction with a vascularized fibular flap at our hospital from September 2013 to July 2015 ([Table I](#tI-ol-0-0-6909){ref-type="table"}). There were two men and three women whose ages ranged from 44 to 74 years (mean age, 61 years). The lesions of five cases were located in the posterior mandible; four cases were squamous cell carcinomas, and one case was keratocystic odontogenic tumor.

The computed tomography (CT) scanner used in this study was SOMATOM Definition AS+ (Siemens Healthcare Diagnostics, Tokyo, Japan) or Discovery CT750 HD (GE Healthcare, Tokyo Japan). All patients underwent CT scanning (1-mm slice thickness) of the whole mandible and 5 cm above the glenoid fossa before surgery. The data from CT scanning in Digital Imaging and Communications in Medicine (DICOM) format were sent to a medical modeling company (AHEAD Laboratories, Tokyo, Japan), and the stereolithography model of the mandible was reconstructed. The resin template was also fabricated from the stereolithography model in our dental laboratory and sterilized for intraoperative use.

In all patients, a hemimandibulectomy was performed with margins to isolate the tumor. Four patients also underwent neck dissection. In all patients, the masseter and the internal pterygoid muscles were resected, and the TMJ disc was preserved. The defect patterns were classified into four cases of CRBS^H^ and one case of CRB; the letters C, R, B, and S indicate defects of the condyle, ramus, body and symphyseal regions and the superscript 'H' indicate a hemisymphyseal defect ([@b17-ol-0-0-6909]). The mean bony defects was 129 mm (range, 93--141 mm).

All cases were reconstructed with fibular osteocutaneous flaps. A 3D resin model was used to determine the length of segments and the angle of bony reconstruction. A single osteotomy of the fibula was performed to recreate the mandibular shape. In all cases, the fibular end was placed into the glenoid fossa under the TMJ disc. The residual mandibular segment was temporarily fixed with maxillomandibular fixation (MMF), and the fibular graft was fixed to the residual mandible with titanium plates and screws. Then, the outer contour of the mandible (inferior-lateral mandibular border) was restored. In all patients, splints or dentures were utilized to keep occlusion during MMF. Microvascular anastomoses were completed using a microscope. The postoperative MMF was applied for 10--21 days (mean, 15.8 days). After the release of MMF, the patients were allowed to start masticating a soft diet, and they began active jaw mobilization with a rehabilitation device of mouth opening. Four cases received radiation therapy preoperatively and/or postoperatively. Panoramic radiograph examination was performed during the follow-up period.

The flap survival rates were examined and the postoperative complications were reviewed. The facial contour was evaluated by two of the authors. To investigate the postoperative morphological and functional outcomes of the TMJ, radiographic and clinical examinations were performed. Evaluation was performed at least one year after the initial reconstruction. In the radiographic evaluation, the morphologic changes of reconstructed condyle were traced using panoramic radiographs, and the presence of rounding, abnormal bone resorption, dislocation, and ankylosis were examined. To evaluate the abnormal bone resorption, the measurments were made between the same fixation point on the lower border of the flap and the medial point on the fibular end ([@b7-ol-0-0-6909]).

In the clinical evaluation, occlusion, maximum mouth opening (MMO), mouth opening pattern (midline deviation), and TMJ symptoms including pain, muscle pain with palpation (muscles of mastication and others), jaw joint noises (clicking or crepitation) and closed or open locking of the jaw of the patients were examined.

To evaluate masticatory performance, tooth condition was examined, and a food scale questionnaire ([@b16-ol-0-0-6909]) was performed ([Table II](#tII-ol-0-0-6909){ref-type="table"}). The number of natural teeth, and the prior use of prostheses were examined. Tooth-to-tooth contact was evaluated by occluding paper, and the pairs of occluding teeth were noted. The food scale questionnaire used in this study has demonstrated sufficient sensitivity for the evaluation of functional differences between head and neck cancer patients ([@b16-ol-0-0-6909],[@b18-ol-0-0-6909]).

The study was approved by the Institutional Research Board (Ethical Committee of the University of Fukui, Faculty of Medical Sciences; no. 20170056). The patients provided informed consent for the usage of the data in this study.

### Surgical technique

The stereolithography model was made before the operation. The resin template was also fabricated from the stereolithography model in the dental laboratory ([Fig. 1A](#f1-ol-0-0-6909){ref-type="fig"}). Intermaxillary fixation (IMF) screws (Dual-Top Auto Screw; Jeil Medical Corporation, Seoul, South Korea) were used during MMFs. MMF was once performed to recognize the maxillomandibular relationship and occlusion before the resection of the mandible. A splint or denture was applied in patients who were partially or full edentate. Next, the MMF was released, and a hemimandibulectomy was performed to isolate the tumor. The temporalis and masseter muscles were resected; the medial and lateral pterygoid muscles were resected; and the remaining soft tissue surrounding the condyle was removed. In all cases, the temporomandibular disc was preserved. Then, a fibular osteocutaneous flap was harvested and adjusted to the defect. A 3D resin model was used to determine the length of segments and the angle of bony reconstruction. The straight fibula bone was osteotomied to match the form of the mandible. The fibular end was adjusted to a round shape to fit into the glenoid fossa ([Fig. 1B](#f1-ol-0-0-6909){ref-type="fig"}). The residual mandibular segments were repositioned by MMF ([Fig. 1C](#f1-ol-0-0-6909){ref-type="fig"}). The fibular end was placed into the glenoid fossa under the TMJ disc. During the operation, care was taken to place the residual mandible and the lower edge of the transplanted fibula at the same level. The distance from the angle of the mandible to the angle of the fibular flap was corrected to be the same length as the 3D model. The fibular graft was secured to the residual mandible with titanium plates and screws ([Fig. 1D](#f1-ol-0-0-6909){ref-type="fig"}). A 1.0--1.5 mm thick straight or curved-shaped plate and 5 or 6 mm screws (MatrixMANDIBLE; DePuy Synthes Co., Tokyo, Japan) were used. After positioning the fibula, the lateral pterygoid muscle was not secured to the fibula with sutures. The masseter muscle was also not sutured to the internal pterygoid muscle to actively seat the flap into the glenoid fossa. Next, microvascular anastomoses were performed using a microscope. Then, the MMF was released, and mandibular movement, dental occlusion, and the position of the neocondyle were confirmed. Patients underwent postoperative MMF for 10--21 days, followed by mobilization and jaw exercises.

Results
=======

The mean follow-up duration was 23.4 months (range, 18--40 months) ([Table I](#tI-ol-0-0-6909){ref-type="table"}). In all cases, the tumor was completely removed with a clear margin. There was no instance of vascular compromise, and the flap survival rate was 100%. There was no extrusion of hardware, breakage of the titanium plate, or screw looseness. All patients had a stable mandibular union and good to moderate facial contour. No patients experienced facial nerve paresis. All patients maintained intelligible speech.

A radiographic assessment showed that the neocondyle remained in the glenoid fossa, and there was no dislocation or ankylosis in any of the patients ([Table III](#tIII-ol-0-0-6909){ref-type="table"}). Remodeling of the end of the neocondyle was found, and the shape was changed to resemble a round shape. Twelve months after the surgery, measurement of length between the fixed point on the lower border of the flap and the median point on the upper side of the neocondyle showed a decrease of less than 5% of the early postoperative measurements. Thus, there were no abnormal bone resorptions.

In all patients, the mandible was placed in centric occlusion. The mean MMO at the time of MMF release was 17.8 mm (range, 13--23 mm), and at least 12 months postoperatively, it was 31.2 mm (range, 21--40 mm). All patients showed an improvement of MMO of more than 5 mm during the follow-up period. All the patients had a slight lateral shift from the midline to the affected side during mouth opening. None of the patients had any TMJ pain, muscle pain with palpation, jaw joint noise, or closed and open locking of the jaw.

Masticatory function is presented in [Table IV](#tIV-ol-0-0-6909){ref-type="table"}. Before surgery, the average numbers of natural maxillary and mandibular teeth were 6.8 (range, 0--13) and 8.4 (range, 0--15). After surgery, the average numbers of natural maxillary and mandibular teeth were 6.4 (range, 0--13) and 4.8 (range, 0--9). As a result of tumor resection, an average of 3.6 natural mandibular teeth (range, 0--6) were lost. Four of the five patients (80%) used dentures as prostheses, and no patients were underwent the treatment of dental implants. The average number of occlusal teeth (including denture) was 9.2 preoperatively and 10.8 postoperatively. The mean food scale rating was 86 (range, 50--100) preoperatively, and 88 (range, 70--100) postoperatively. Therefore, all patients recovered their ability to ingest nearly the same foods that could be ingested before surgery.

### Case report (case no. 1)

A 52-year-old female visited our hospital due to the expansion and pain in the left mandible ([Fig. 2A](#f2-ol-0-0-6909){ref-type="fig"}). Physical examination revealed no paresthesia in the left mental region. Oral examination showed a swelling of the left retromolar region without mucosal alteration. A panoramic radiograph revealed the radiolucency throughout the mandibular ramus with extension near the condyle ([Fig. 2B](#f2-ol-0-0-6909){ref-type="fig"}). CT scanning showed a multilocular cystic lesion occupying the mandibular ramus and a loss of cortical bone ([Fig. 2C](#f2-ol-0-0-6909){ref-type="fig"}). A biopsy confirmed the diagnosis of keratocystic odontogenic tumor (KCOT).

Considering the progression of the lesion, a mandibular resection, including condyle and reconstruction, was planned under general anesthesia. Before the mandibular resection, MMF with denture was carried out to evaluate the maxillomandibular relationship and released. The resection was performed with the soft tissue that covered the lesion. The condyle was disarticulated and the articular disc was preserved ([Fig. 2D](#f2-ol-0-0-6909){ref-type="fig"}). The fibular osteocutaneous flap was harvested, and osteotomy was accomplished to shape the flap as a substitute ramus and condyle in accordance with the 3D resin model ([Fig. 2E](#f2-ol-0-0-6909){ref-type="fig"}). The distal fibular end was rounded to allow it to fit the temporomandibular disc in the glenoid fossa. The residual mandibular segment was repositioned by MMF with a denture ([Fig. 2F](#f2-ol-0-0-6909){ref-type="fig"}). The width of the mandibular angle was measured in the 3D model ([Fig. 2G](#f2-ol-0-0-6909){ref-type="fig"}), and the distance from the angle of the mandible to the angle of the fibular flap was adjusted to be the same length ([Fig. 2H](#f2-ol-0-0-6909){ref-type="fig"}). Then, the fibular osteocutaneous flap was fixed with titanium plates and screws.

The microvascular anastomosis was completed using a surgical microscope, and the wound was closed. MMF was finally released 10 days after the operation, and the patient was discharged on 37th postoperative day.

Forty months after the mandibular reconstruction, the patient showed good aesthetic results ([Fig. 2I](#f2-ol-0-0-6909){ref-type="fig"}). She had excellent joint mobility and the MMO was 40 mm ([Fig. 2J](#f2-ol-0-0-6909){ref-type="fig"}). The postoperative panoramic radiograph confirmed the optimal position of the grafted bone in the glenoid fossa, and showed the remodeled fibular segment in the condylar fossa ([Fig. 2K](#f2-ol-0-0-6909){ref-type="fig"}).

Discussion
==========

The condyle articulates with the glenoid fossa of the temporal bone and plays an important role in the proper function of the TMJ. The presence of an extensive tumor in the mandibular ramus or direct invasion of the condyle may require resection of the mandible with disarticulation of the TMJ. Because of the unique and complex features of the TMJ, the reconstruction of the condylar defect is one of the most challenging issues.

At present, several procedures are used for the reconstruction of the condyle, including costochondral graft, attachment of the resected condyle to the end of a graft, titanium TMJ prosthesis, and placement of the distal end of the vascularized graft directly into the glenoid fossa ([@b9-ol-0-0-6909]). Costochondral graft is one of the best methods for the transplantation of bone and choral components ([@b19-ol-0-0-6909]), but it is not large enough to replace bone after a complete hemimandibulectomy. Replacement with the resected condyle provides an excellent surface and fit for the joint, but concern exists regarding the oncologic risk, the condylar preservation during hemimandibulectomy may predispose the patient to local recurrence even with negative margins ([@b20-ol-0-0-6909]). Furthermore, these two types of grafts are devascularized, and the drawback is the possibility of abnormal resorption ([@b5-ol-0-0-6909]). The concern with the prosthetic condyle is the exposure of the prosthesis, risk of infection and erosion of the prosthesis into the middle cranial fossa ([@b21-ol-0-0-6909],[@b22-ol-0-0-6909]). Recently, the fibular graft has become the preferred procedure for mandibular reconstruction, because it is simple and can be easily fitted. Its use for the reconstruction of the condyle has been reported ([Table V](#tV-ol-0-0-6909){ref-type="table"}) ([@b2-ol-0-0-6909]--[@b13-ol-0-0-6909]). It seems particularly well suited for condylar reconstruction, because of its tubular shape and adaptability to the glenoid fossa. However, in some cases, complications were noted including poor mouth opening, mandible deviation, dislocation, abnormal bone resorption, ankylosis, and the need for additional surgical treatment ([@b7-ol-0-0-6909]). Thus, consensus has yet to be reached regarding the best method for reconstruction of the condyle with a fibular flap. In addition, little is reported about the outcome of the fibular flap in reconstructing the mandibular condyle.

Because of the unique feature of the TMJ, which is related to both the dentition and the contralateral TMJ, reproducing the optimal relationship between both the condyles (including neocondyle) and the glenoid fossa, and maintaining the correct occlusion are critical. Some authors reported the technique of using a bone plate for a template of the bone defect for the reconstruction of the mandibular condyle ([@b3-ol-0-0-6909]--[@b5-ol-0-0-6909],[@b7-ol-0-0-6909]). However, this technique uses the outer surface of the mandibular bone as a template, and thus, it cannot be used when the lesion involves the outer cortex of the mandible. The use of a stereolithography model based on CT data has been also reported ([@b10-ol-0-0-6909],[@b12-ol-0-0-6909]). In this method, fabrication of surgical template can also be prepared by the mirror-image model of the unaffected side ([Fig. 3A and B](#f3-ol-0-0-6909){ref-type="fig"}). This method is useful when intraoperative adaptation of the plate is impossible due to the size or position of the tumor. Using a 3D model, preoperative measurements can be made to determine the bone osteotomy for pathological resection, as well as to know the appropriate dimensions for bone reconstruction. By recognizing the defect dimensions before surgery, flap design and reliability, operative safety, and planning of the osteotomies can be improved. Furthermore, there is the possibility of reducing intraoperative decision-making, and thus potentially contributing to a significant shortening of the operative time, which is associated with complications ([@b23-ol-0-0-6909]). Thus, a 3D model can improve patient outcomes with a reduction in complications.

Nahabedian *et al* reported that the technical limitations of condylar reconstruction with a fibular flap made it difficult to reproduce the 3D shape of the native condyle ([@b24-ol-0-0-6909]). However, in our cases, contouring the fibular pole was accomplished to shape the flap as a substitute condyle in accordance with the 3D resin model. It may also facilitate the appropriate fit in the glenoid fossa and make a functional condyle. Although the cost of a 3D model is not negligible (at the time of the preparation of this article, the costs of creating a 3D model began at ¥20,000), it is decreasing and becoming more readily available.

Currently, some surgeons prefer to use cutting guides to perform the osteotomy and fibula shaping. This method is faster and more reliable surgical results ([@b25-ol-0-0-6909]). However, one of the concerns of the cutting guide is the unpredictability of the surgical margins in some cases ([@b26-ol-0-0-6909]). The changing the extent of resection may reduce the usefulness of this method by the need of adjustments in bone segment length, number of osteotomies, and the shape of the titanium plate, potentially increasing the operation time and decreasing the reconstructive accuracy ([@b26-ol-0-0-6909]). In addition, since the device is designed according to the location of the fibular bone, it may be difficult to use a cutting guide if soft tissue is included with the fibula for oral or facial reconstructions.

Lim *et al* reported that the maximum error was observed in the condylar region when only a fibula-cutting guide was used ([@b27-ol-0-0-6909]). This error was thought to be related with the movement of the condylar head in the TMJ ([@b27-ol-0-0-6909]). They suggested that it may be more helpful to adjust the anterior-posterior position of the fibular bone by referring to the 3D model rather than using a cutting guide ([@b27-ol-0-0-6909]).

During the reconstruction of mandible, the optimal correlation of the condyles in the glenoid fossae and accurate occlusion are important. When a defect of hemimandible occurs, the masticatory muscles attached to the remaining segment will shift the segment into an unusual position. Therefore, the residual mandible should be relocated during the reconstruction. Intraoperative MMF is helpful for maintaining the occlusal and maxillomandibular relationship during reconstruction ([@b28-ol-0-0-6909]). In the case of edentulous or partially edentulous patients, dentures or splints are useful for reinforcing the remaining teeth and maintaining the dimensions of the maxillomandibular relationship ([@b29-ol-0-0-6909],[@b30-ol-0-0-6909]). In this study, five patients were edentate, or poor dentition, and dentures or splints were used to restore the occlusal relationship during MMF.

It is also a surgical challenge to maintain the fibular end in the glenoid fossa during and after reconstruction. In our cases, the use of MMF allows direct appliance of the fibula to the temporomandibular disc in the glenoid fossa. The distance from the angle of the mandible to the angle of the fibular flap was adjusted to be the same length as the 3D model. Then, the fibular graft was fixed to the residual mandible with titanium plates and screws. In this method, smooth insetting, anastomosis, and the planning of flap design, can be performed, and it may decrease the complication rate. In our cases, no instances of vascular compromise or fistula formation was observed. The 3D model could accurately and safely reproduce the 3D shape and the anatomical location of the original condyle with the aid of MMF.

Some investigators have reported the suture fixation, such as the suture of the fibular end to the preserved disc ([@b2-ol-0-0-6909],[@b3-ol-0-0-6909]), the suture of the fibula or the reconstruction plate to the masseter or pterygoid muscles ([@b5-ol-0-0-6909],[@b8-ol-0-0-6909],[@b13-ol-0-0-6909]), and the suture of the masseter muscle to the pterygoid muscle ([@b7-ol-0-0-6909]). However, suspension of the fibular flap in the fossa with sutures is sometimes difficult and inaccurate ([@b5-ol-0-0-6909]). In addition, the remaining masseter or pterygoid muscles is occasionally not enough for suture due to the tumor resection. The displacement of the fibular flap has been reported in cases with suture fixation ([@b7-ol-0-0-6909]). In our cases, we chose to perform MMF for 2--3 weeks followed by mobilization in a manner similar to rehabilitation. In this method, MMF can maintain occlusal status and the maxillomandibular relationship, and hold the reconstructed mandible during the healing process. None of our patients experienced displacement of the fibula out of the condylar fossa. Chao *et al* also reported the use of postoperative MMF to condylar reconstruction with a fibular flap for 20--42 days and showed good results ([@b12-ol-0-0-6909]). These results indicate that MMF may contribute to the functionality of reconstruction through the recovery of accurate biting.

The temporomandibular disc is a biconcave sheet of avascular fibrous connective tissue. The disc divides the joint into a superior and inferior joint space and prevents direct contact of the condylar head to the mandibular fossa. The previous study showed that the preservation of the temporomandibular disc influences the postoperative recovery of normal function ([@b12-ol-0-0-6909]). Furthermore, the temporomandibular disc is important to control the form of the mandibular condyle ([@b31-ol-0-0-6909]). Guyot *et al* reported on 11 patients undergoing reconstruction with a fibular flap following condylar resection without the removal of the disc. In all cases, the fibular end was insetted directly into the glenoid fossa under the disc without contouring ([@b4-ol-0-0-6909]). In their cases, TMJ function was preserved, and there were no cases of ankylosis. They also found the tendency of bone remodeling. In our cases, the temporomandibular disc was preserved in all patients, and the round-off of the fibular ends without ankylosis were found. The most likely reason for these changes is considered to be the preservation of TMJ disc.

In a previous study, González-García *et al* ([@b7-ol-0-0-6909]) showed six patients who underwent the mandible and condyle resection without disc resection and reconstruction with fibular flap. They found that five patients achieved good postoperative function, but one patient experienced severe ankylosis. The temporomandibular disc blends with fibers of the lateral pterygoid muscle at its anterior margin, and attaches to looser connective tissue containing nerves and is lined posteriorly with the synovial membrane. Hamada *et al* performed the magnetic resonance imaging (MRI) and arthroscopy in the TMJ of two patients who experienced hemimandibulectomy without disc removal ([@b32-ol-0-0-6909]). The MRI of the affected TMJs showed that the intermediate zone of the disc was positioned anteriorly to the summit of the articular eminence. Arthroscopically, the fibrous adhesions were also observed in the superior joint compartment of the affected TMJs. They suggested that the disc was pulled anteriorly by the lateral pterygoid muscle, and they also thought that surgical trauma during mandibulectomy brought synovitis or hematoma, subsequent immobilization of the affected TMJs, and aroused intraarticular fibrous adhesion. As shown in other previous reports, not only the disc removal, but also the disc displacement or articular damage was associated with the development of ankylosis ([@b33-ol-0-0-6909]--[@b36-ol-0-0-6909]). Thus, the possibility of ankylosis must be kept in mind even in the case of disc preservation. In cases where disc removal is necessary due to disease progression, covering the contoured end of the fibula with adequate vascularized soft tissue could overcome this problem ([@b9-ol-0-0-6909]). Moore and Hamilton reported that none of their six patients had ankylosis in this technique ([@b9-ol-0-0-6909]).

Generally, vascularized bone graft suffers less resorption than non-vascularized bone graft ([@b5-ol-0-0-6909]). We performed length measurements using panoramic radiographs and revealed that no abnormal resorption of the neocondyle occurred. Chao *et al* reported the usage of a resected condyle to obtain adequate TMJ function, but the native condyle became avascular necrosis and was removed ([@b12-ol-0-0-6909]). In our opinion, it would seem unnecessary to attach the native (original) condyle to the fibular flap.

To objectively evaluate treatment outcomes, we assessed the TMJ and dental condition, conducted a food scale questionnaire ([@b12-ol-0-0-6909]), and examined masticatory status. In our study, the MMO of three patients was greater than 30 mm, but two patients exhibited postoperative trismus with less than 30 mm of MMO. Radiation therapy commonly influences a patient\'s mandibular movements ([@b37-ol-0-0-6909]). These two patients received radiotherapy and developed limitation of mandibular sliding mobility and mouth opening. It was considered to be an adverse effect of radiation therapy. The forward movement is caused by the contraction of the inferior head of the lateral pterygoid muscle. The condyle and disc then move forward until they reach a point just slightly anterior to the crest of the articular eminence ([@b38-ol-0-0-6909]). In all our patients, the lateral pterygoid muscle was partially resected and not sutured with fibular end; thus, forward movement was considered to be difficult to achieve. The mouth opening-closing path showed a tendency to deviate toward the affected side, which was considered to be due to movement restriction on the affected side. Early exercise therapy is essential in surgery involving the TMJ ([@b5-ol-0-0-6909]). Our patients underwent mobilization and rehabilitation exercises after the release of MMF, and MMO improved as jaw physiotherapy progressed. The position of the condylar axis is related to symptomatology of TMJ ([@b39-ol-0-0-6909]), and mandibular resection may cause TMJ disorder ([@b40-ol-0-0-6909]). In this method, both condylar positions were kept by MMF, and TMJ disorder was not observed.

Mastication comprises synchronous interaction between the orofacial soft and hard tissues to manipulate, triturate, and consolidate a food bolus prior to deglutition ([@b37-ol-0-0-6909]). The mandible plays an critical role in the competence of mastication ([@b37-ol-0-0-6909]). After resection of the mandible, masticatory function can be affected by several factors such as the number of residual teeth and tooth-to-tooth contacts ([@b37-ol-0-0-6909],[@b41-ol-0-0-6909],[@b42-ol-0-0-6909]). To objectively assess our outcomes, masticatory function was evaluated with reference to dental status, and was examined using a food scale questionnaire. In our patients, an average of 3.6 natural mandibular teeth was lost due to the tumor resection. Four patients (80%) were treated with removable dentures postoperatively, and tooth-to-tooth contact was achieved. The food scale questionnaire showed that the patients recovered their ability to ingest nearly the same foods that can be ingested before surgery. Tan *et al* ([@b43-ol-0-0-6909]) showed that postoperative restoration with removable dentures significantly improved masticatory function when teeth were lost after segmental mandibulectomy and bone reconstruction. The results of our study are concordant with the report. The overall efficiency of mastication was usually performed the patients\' questionnaire ([@b18-ol-0-0-6909],[@b42-ol-0-0-6909]). Wax *et al* reported on 17 patients who underwent condyle reconstruction with a fibula free graft and found that four patients needed a liquid diet and four patients remained on a nasogastric (NG) feeding tube ([@b3-ol-0-0-6909]). Although our sample size was small, there were no patients remained on a liquid diet or were NG-tube dependent. Thus, our patients exhibited almost good food tolerance and masticatory function after condylar reconstruction.

In this study, we evaluated the morphological and functional outcome following the stereolithographic model-assisted reconstruction of the condyle with placement of a vascularized free fibula into the glenoid fossa. The stereolithography model could accurately reproduce the 3D shape and anatomical location of the original condyle with the aid of MMF. MMF could also support in the determination of a proper position for the bone flap to ensure the future dental rehabilitation. The correct occlusion and optimal relationship between the condyle and the glenoid fossa were achieved. The end of the fibular bone graft recapitulated the native condylar anatomy and function, and served morphologically and functionally as a neocondyle. The reservation of the disc and molding of the end of the fibular graft seemed to be responsible for the good outcome in terms of function. All the patients showed good food tolerance and masticatory function after reconstruction.

Although the type of condylar reconstruction remains controversial, the stereolithographic model-assisted reconstruction of the mandibular condyle with a vascularized fibular flap is useful for reconstructions of the hemimandible, including condylar defects.

![(A) The stereolithography model of the mandible was reconstructed. The resin template was also fabricated from the stereolithography model in dental laboratory. (B) A fibular osteocutaneous flap was harvested and adjusted to the defect. A 3D resin model was used to determine the length of the segments and the angle of the bony reconstruction. The straight fibula bone was osteotomized to match the form of the mandible. The fibular end was adjusted to a round shape to fit into the glenoid fossa (arrowheads). (C) Prior to reconstruction, the residual mandibular segment was held with MMF in a 3D fashion. Then, the condyle of non-affected side was seated in the appropreate position, and the correct occlusion was reestablished. The use of MMF allowed the fibula to be inserted under the temporomandibular disc in the glenoid fossa. (D) The fibular osteocutaneous flap and the mandible remnants were fixed with titanium miniplates and screws. The fibular end was placed into the glenoid fossa under the TMJ disc. A 3D resin model was used to adjust the position of fibular flap (arrowhead). MMF, maxillomandibular fixation; TMJ, temporomandibular joint.](ol-14-05-5471-g05){#f1-ol-0-0-6909}

![(A) Frontal view showing the swelling of the left mandible (arrowheads). (B) Preoperative panoramic radiograph showing the radiolucency throughout the mandibular ramus with extension near the condyle. (C) Preoperative CT showing a multilocular cystic lesion occupying the mandibular ramus and loss of cortical bone. (D) The resection was performed with the soft tissue covered over the lesion. Surgical specimen showing the deformity of the mandibular ramus due to the expansion. The condyle was disarticulated from the TMJ (arrowhead). (E) The fibular osteocutaneous flap was harvested and osteotomy was accomplished to shape the flap as a potential ramus and condyle in accordance with the 3-D resin model. The distal fibular end was rounded to allow it to fit the temporomandibular disc in the glenoid fossa (arrowheads). (F) The residual mandibular segment was repositioned by MMF with denture. (G) The width of the mandibular angle was measured in the 3-D model. (H) The grafted bone was fixed with titanium miniplates. We paid attention to place the lower edge of the transplanted bone and mandible at the same level and to place the reconstructed condyle in the glenoid fossa with aid of the 3-D model. The distance from the angle of the mandible to the angle of the fibular flap was adjusted to be the same length of the 3-D model (arrowhead). (I) Findings after the reconstruction. Frontal view showing a good aesthetic result. (J) The patient had excellent joint mobility and the MMO of denture teeth was 40 mm. The patient obtained sufficient mobility of the condyle. (K) The postoperative panoramic radiograph showed the optimal position of grafted bone in the glenoid fossa. There was no evidence of tumor recurrence. CT, computed tomography; MMF, maxillomandibular fixation; MMO, maximum mouth opening; TMJ, temporomandibular joint.](ol-14-05-5471-g06){#f2-ol-0-0-6909}

![(A) The patient (case no. 4) showed the pathological fracture of the mandible due to the tumor progression. The stereolithography model of the mandible (left, arrowhead: fracture line), the mirror image of the stereolithography model (center), and 3D resin model of mirror-image (right). (B) A 3D resin model of the mirror-image was used to determine the length of segments and the angle of the bony reconstruction.](ol-14-05-5471-g07){#f3-ol-0-0-6909}

###### 

Summary of the patients.

  Patient                                                                            1                                               2                                               3                                               4                                               5
  ---------------------------------------------------------------------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- ----------------------------------------------- -----------------------------------------------
  Age (years)/sex                                                                    52/F                                            66/F                                            69/F                                            74/M                                            44/M
  Histological diagnosis                                                               KCOT                                          SCC                                             SCC                                             SCC                                             SCC
  Scheme of panorama X-ray^[a](#tfn2-ol-0-0-6909){ref-type="table-fn"}^              ![](ol-14-05-5471-g00.jpg)                      ![](ol-14-05-5471-g01.jpg)                      ![](ol-14-05-5471-g02.jpg)                      ![](ol-14-05-5471-g03.jpg)                      ![](ol-14-05-5471-g04.jpg)
  Location of lesion^[b](#tfn3-ol-0-0-6909){ref-type="table-fn"}^                    Posterior mandible                              Anterior+posterior mandible                     Anterior+posterior mandible                     Anterior+posterior mandible                     Anterior+posterior mandible
  Resection                                                                          Hemimandibulectomy                              Hemimandibulectomy MRND (Lt)                    Hemimandibulectomy MRND (Lt)                    Hemimandibulectomy SOHND (Rt)                   Hemimandibulectomy SOHND (Lt)
  Resection of masseter muscle                                                       Yes                                             Yes                                             Yes                                             Yes                                             Yes
  Resection of internal pterygoid muscle                                             Yes                                             Yes                                             Yes                                             Yes                                             Yes
  Removal of coronoid process                                                        Yes                                             Yes                                             Yes                                             Yes                                             Yes
  Removal of articular disk                                                          No                                              No                                              No                                              No                                              No
  Classification of mandibular defect^[c](#tfn4-ol-0-0-6909){ref-type="table-fn"}^   CRB                                             CRBS^H^                                         CRBS^H^                                         CRBS^H^                                         CRBS^H^
  Length of bone defect (mm)                                                         93                                              130                                             141                                             138                                             141
  Reconstruction (no. of osteotomy)                                                  Vascularized fibular flap ([@b1-ol-0-0-6909])   Vascularized fibular flap ([@b1-ol-0-0-6909])   Vascularized fibular flap ([@b1-ol-0-0-6909])   Vascularized fibular flap ([@b1-ol-0-0-6909])   Vascularized fibular flap ([@b1-ol-0-0-6909])
  Dentition^[d](#tfn5-ol-0-0-6909){ref-type="table-fn"}^                             Poor                                            Good                                            Poor                                            Good                                            Good
  Use of splint or denture during MMF                                                Yes (denture)                                   Yes (denture)                                   Yes (splint)                                    Yes (denture)                                   Yes (splint)
  Microvascular anastomoses                                                          Fibular A→facial A E to E                       Fibular A→superior thyroid A E to E             Fibular A→superior thyroid A E to E             Fibular A→superior thyroid A E to E             Fibular A→superior thyroid A E to E
                                                                                     Fibular V→facial V E to E                       Fibular V→internal jugular V E to S             Fibular V→internal jugular V E to S             Fibular V→external jugular V E to E             Fibular V→internal jugular V E to S
                                                                                     Fibular V→external jugular V E to S                                                                                                             Fibular V→internal jugular V E to S             
  Duration of postoperative MMF (days)                                               10                                              21                                              14                                              14                                              20
  Radiation therapy                                                                  No                                              Yes (65.6 Gy)                                   Yes (63.6 Gy)                                   Yes (60 Gy)                                     Yes (62 Gy)
  Follow-up (months)                                                                 40                                              22                                              19                                              18                                              18
  Flap survival rate                                                                 100%                                            100%                                            100%                                            100%                                            100%
  Postoperative complications                                                        No                                              No                                              No                                              No                                              No
  Facial contour^[e](#tfn6-ol-0-0-6909){ref-type="table-fn"}^                        Good                                            Good                                            Good                                            Good                                            Good

CRB, condyle, ramus, body; CRBS^H^, condyle, ramus, body and hemisymphysion; E to E, end to end technique; E to S, end to side technique; F, female; KCOT, keratocytic odontogenic tumor; M, male; MRND, modified radical neck dissection; SCC, squamous cell carcinoma; SOHND, supraomohyoid neck dissection; TMJ, temporomandibular joint.

Dark gray, lesion; gray, resected area.

Anterior, midline-canine; posterior, premolar-molar.

Classified according to the method described by Urken *et al* ([@b17-ol-0-0-6909]).

Good, full dentition of residual mandible; moderate, partially edentate with a maintained vertical dimension; poor, partially or fully edentate without maintaining vertical dimension.

Good, adequate results; moderate, not adequate but no need for revision surgery; poor, requiring revision surgery.

###### 

Food scale questionnaire^[a](#tfn7-ol-0-0-6909){ref-type="table-fn"}^.

  Rating   Most difficult food patient is able to masticate
  -------- ------------------------------------------------------------------------------
  100      Full diet (no restrictions)
    90     Peanuts
    80     All meat
    70     Carrots, celery
    60     Dry bread and crackers
    50     Soft, chewable foods^[b](#tfn8-ol-0-0-6909){ref-type="table-fn"}^
    40     Soft foods requiring no chewing^[c](#tfn9-ol-0-0-6909){ref-type="table-fn"}^
    30     Pureed foods (in blender)
    20     Warm liquids
    10     Cold liquids
    0      Nonoral feeding (tube fed)

The scale was developed by List *et al* ([@b16-ol-0-0-6909]).

Such as macaroni, canned/soft fruits, cooked vegetables, fish, hamburger, small pieces of meat.

Such as mashed potatoes, apple sauce, pudding.

###### 

Morphological and functional evaluation of the temporomandibular joint.

  Patient                                                                               1                   2                   3                   4                   5
  ------------------------------------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- -------------------
  Morphological evaluation                                                                                                                                              
    Dislocation                                                                         No                  No                  No                  No                  No
    Ankylosis                                                                           No                  No                  No                  No                  No
    Change into round-shape of fibular end                                              Yes                 Yes                 Yes                 Yes                 Yes
    Abnormal bone resorption                                                            No                  No                  No                  No                  No
  Functional evaluation                                                                                                                                                 
    Occlusion                                                                           Centric             Centric             Centric             Centric             Centric
    MMO (early postoprative period, mm)^[a](#tfn11-ol-0-0-6909){ref-type="table-fn"}^   23                  13                  20                  15                  18
    MMO (late postoperative period, mm)^[b](#tfn12-ol-0-0-6909){ref-type="table-fn"}^   40                  21                  25                  38                  32
    Mouth opening pattern                                                               Minimal deviation   Minimal deviation   Minimal deviation   Minimal deviation   Minimal deviation
    Lateral movement (affected side, mm)                                                8                   1                   2                   4                   5
    Lateral movement (non-affected side, mm)                                            6                   1                   2                   3                   3
    Protrusive movement, mm                                                             7                   0                   0                   4                   5
    TMJ pain                                                                            No                  No                  No                  No                  No
    Muscle pain with palpation                                                          No                  No                  No                  No                  No
    Jaw joint noise                                                                     No                  No                  No                  No                  No
    Closed or open locking of the jaw                                                   No                  No                  No                  No                  No

MMO, maximal mouth opeining; TMJ, temporomandibular joint.

At the time of MMF release

at least 12 months of postoperation.

###### 

Assessment of masticatory function.

  Status                 Patient                                                                   1     2     3     4     5     Average
  ---------------------- ------------------------------------------------------------------------- ----- ----- ----- ----- ----- ------------------
  Preoperative status    Number of maxillary natural teeth                                         0     10    0     11    13    6.8
                         Number of mandibular natural teeth                                        0     11    7     9     15    8.4
                         Use of prostheses (removable dentures)                                    No    Yes   Yes   Yes   No    60% (usage rate)
                         Number of contacted teeth^[a](#tfn13-ol-0-0-6909){ref-type="table-fn"}^   0     13    6     14    13    9.2
                         Food scale rating                                                         50    100   80    100   100   86
  Postoperative status   Number of natural maxillary teeth                                         0     10    0     9     13    6.4
                         Number of natural mandibular teeth                                        0     8     2     5     9     4.8
                         Use of prostheses (removable dentures)                                    Yes   Yes   No    Yes   Yes   80% (usage rate)
                         Number of contacted teeth^[a](#tfn13-ol-0-0-6909){ref-type="table-fn"}^   14    13    2     12    13    10.8
                         Food scale rating                                                         100   90    70    80    100   88

Including the teeth of prostheses (removable dentures).

###### 

Repoorted procedures of reconstruction of the condyle with vascularized fibular flap and its outcome.

                                                                                                              Treatment method         Outcome                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  ------------------------- ------ -------------------------------------------------------------------------- ------------------------ --------- ---------------------------------------------------------- ---------------------------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------------------------------------- --------------------- --------------------- ------------------------------------------------------------------- ------------------------------------------------------------------- ----------------------------- ----------------------
  Iñigo *et al*             1997   5 (details unknown)                                                        ND                       ND        Yes (intra and postoperatively)                            Yes (disc to fibular end if possible)                                  ND                                                           ND                                                                           ND                    4 good, 1 not good    ND                                                                  5 yes (everyone could chew)                                         More than 12 months           ([@b2-ol-0-0-6909])
  Wax *et al*               2000   17 (details unknown)                                                       Plate                    No        Yes (details unknown)                                      Yes (disc to fibular end or anterior lip of fossa to fibular end)      15 preserved, 1 partially removed, 2 extirpated with tumor   ND                                                                           ND                    ND                    3 trismus, 2 dyslocation of neocondyle                              13 yes (2 regular food, 7 soft food, 4 liquid, 4 tube feed)         41.3 months (1--64 months)    ([@b3-ol-0-0-6909])
  Guyot *et al*             2004   11 (5 benign tumors or cysts, 4 osteoradi-onecrosis, 2 ramus hypoplasia)   Bone plate               No        No                                                         ND                                                                     Yes                                                          ND                                                                           34.6 mm (25--43 mm)   ND                    3 trismus (12--60 months)                                           ND                                                                  31.1 months                   ([@b4-ol-0-0-6909])
  Engroff                   2005   1 (1 benign)                                                               Bone plate               Yes       Yes (only intraoper atively)                               Yes (masseter muscle to the angle of reconst-ruction plate)            Yes                                                          ND                                                                           ND                    1 good                No                                                                  ND                                                                  ND                            ([@b5-ol-0-0-6909])
  Khariwala *et al*         2007   9 (5 malignancy, 3 osteoradi-onecrosis, 1 trauma)                          Template                 ND        ND                                                         No                                                                     ND                                                           Covering of fibular end with acellular dermal matrix                         38 mm (20--40 mm)     7 good, 2 not good    1 trismus                                                           9 yes (soft diet, no NG tube diet)                                  13.1 months (6--24 months)    ([@b6-ol-0-0-6909])
  González-García *et al*   2008   6 (2 malignancy, 3 benign, 1 osteoradi-onecrosis)                          Bone plate               Yes       Yes (only intraope-ratively)                               Yes (masseter muscle to the pterygoid muscle)                          Yes                                                          ND                                                                           40 mm                 ND                    1 trismus, 1 ankylosis of neocondyle, 2 dyslocation of neocondyle   ND                                                                  36 months (15--84 months)     ([@b7-ol-0-0-6909])
  Thor *et al*              2008   4 (1 malignancy 3 benign)                                                  Template                 ND        ND                                                         Yes (fibular end to the zygomatic arch and lateral pterygoyd muscle)   Yes                                                          ND                                                                           16--55 mm             4 good                1 trismus                                                           ND                                                                  9--36 months                  ([@b8-ol-0-0-6909])
  Moore and Hamilton        2012   7 (6 malignancy, 1 osteomyelitis)                                          Thermoplastic sheeting   Yes       Yes \[intra and postoperatively (1 week)\]                 ND                                                                     1 preserved, 6 extirpated with tumor                         Covering of fibular end with soft tissue and flexor hallucis longus muslce   40 mm                 6 good, 1 open bite   No                                                                  7 yes (1 soft diet, no NG tube diet)                                16 months (8--30 months)      ([@b9-ol-0-0-6909])
  Wang et al                2013   10 (10 benign)                                                             3D model                 ND        Yes \[intra and postoperatively (2 weeks)\]                ND                                                                     Yes                                                          Double-barrel vascularized fibular flap                                      ND                    10 good               ND                                                                  ND                                                                  2--18 months                  ([@b10-ol-0-0-6909])
  Bredell et al             2014   5 (4 malignancy, 1 osteomyelitis)                                          ND                       ND        ND                                                         ND                                                                     4 preserved, 1 removed                                       ND                                                                           ND                    ND                    ND                                                                  ND                                                                  ND                            ([@b11-ol-0-0-6909])
  Chao et al                2014   5 (1 malignancy, 3 benign, 1 osteomyelitis)                                3D model                 ND        Yes \[intra and postoperatively 3 cases, (20--42 days)\]   Yes (2 cases, disc to fibular end)                                     ND                                                           ND                                                                           32 mm (5-45mm)        5 good                2 trismus                                                           5 yes (4 regular food, 1 soft food)                                 10.2 months (6--15 months)    ([@b12-ol-0-0-6909])
  Hoang et al               2015   1 (1 benign)                                                               ND                       Yes       Yes \[intra and postoperatively (4 weeks)\]                Yes (masseter muscle to the angle of reconstruction plate)             Yes                                                          ND                                                                           ND                    1 good                No                                                                  ND                                                                  24 months                     ([@b13-ol-0-0-6909])
  Present study             2017   5 (4 malignancy, 1 benign)                                                 3D model                 Yes       Yes \[intra and postoperatively (10--21 days)\]            No                                                                     Yes                                                          No                                                                           31.2 mm (21--40 mm)   5 good                2 trismus                                                           5 yes (normal diet)^[b](#tfn16-ol-0-0-6909){ref-type="table-fn"}^   23.4 months (18--40 months)   

ND, not described; NG, nasogastric.

Trismus, lower than 30 mm of maximum mouth opening

relation of diet form and food scale, normal=100-60 in scale; soft=50-30 in scale; liquid=20-10 in scale; NG feeding=0 in scale.
